Evaluation of brain cholesterol metabolism after neonatal hypoxic-ischemic brain injury by Dave, Amanda et al.
University of Nebraska Medical Center 
DigitalCommons@UNMC 
Child Health Research Institute Pediatric 
Research Forum Children’s Hospital & Medical Center 
5-2021 
Evaluation of brain cholesterol metabolism after neonatal 
hypoxic-ischemic brain injury 
Amanda Dave 
Luke Allen 
Zeljka Korade 
Eric Peeples 
Follow this and additional works at: https://digitalcommons.unmc.edu/chri_forum 
 Part of the Pediatrics Commons 
Evaluation of brain cholesterol metabolism 
after neonatal hypoxic-ischemic brain injury
Amanda Dave1, MD, Luke Allen2, MS, Zeljka Korade2, DVM, PhD, and Eric Peeples3, MD
1 Department of Pediatrics, UNMC-CUMC-Creighton Joint Pediatric Residency Training Program
2 Department of Pediatrics, Division of Inherited Metabolic Diseases
3 Department of Pediatrics, Division of Neonatology
References
1. Kurinczuk, J. J., White-Koning, M. & Badawi, N. Epidemiology of neonatal encephalopathy and hypoxic 
ischaemic encephalopathy. Early Hum. Dev. 86, 329–338 (2010).
2. Sun, M.-Y. et al. 24(S)-Hydroxycholesterol as a modulator of neuronal signaling and survival. Neurosci. Rev. 
J. Bringing Neurobiol. Neurol. Psychiatry 22, 132–144 (2016).
3. Kay, A. D. et al. Remodeling of cerebrospinal fluid lipoprotein particles after human traumatic brain injury. J. 
Neurotrauma 20, 717–723 (2003).
4. Martiskainen, H. et al. DHCR24 exerts neuroprotection upon inflammation induced neuronal death. J. 
Neuroinflamm. 14, 215 (2017).
5. Yu, Z. et al. Hypoxia-ischemia brain damage disrupts brain cholesterol homeostasis in neonatal rats. 
Neuropediatrics 40, 179–185 (2009)
6. Lu, F. et al. Upregulation of cholesterol 24-hydroxylase following hypoxia ischemia in neonatal mouse brain. 
Pediatr. Res. 83, 1218–1227 (2018).
Hypoxic-ischemic brain injury (HIBI), resulting from impaired
cerebral blood flow and oxygen delivery to the brain, affects at
least 1.5 per 1,000 live births each year in the United States.1
Cholesterol is vital for growth and development in the fetal
and neonatal brain. Cholesterol synthesis in the brain is
almost completely de novo (Fig.1) so is highly sensitive to
alterations in brain homeostasis.2
Altered levels of cholesterol and cholesterol metabolites have
been identified in brain tissue and serum after adult brain
injury.3 Additionally, animals with cholesterol deficiency have
been noted to have larger areas of infarct in a stroke model. 4
Previous studies have suggested that HIBI may alter brain
cholesterol levels, 5,6 but none have evaluated cholesterol
precursors or assessed levels in the regions of the brain most
sensitive to HIBI.
Introduction
Conclusions
• Severe neonatal HIBI is associated with increased 
cholesterol and sterol precursors in the cortex
• Further defining the mechanism(s) of these alterations 
could provide opportunity for development of both 
diagnostic biomarkers and targeted therapies
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Results
• All HIBI:
• No differences in any measured sterols between HIBI and 
controls with respect to temporal or regional differences
• Severe HIBI (defined by IL-6 values):
• Cholesterol, 7-DHC, and desmosterol were higher in the 
cortex at 24 hours after HIBI
• Desmosterol was lower in the striatum but higher in the 
cerebellum at 24 hours after HIBI
Methods
• Postnatal day 9 CD1 mouse pups randomized to (n=24/group):
• HIBI: right carotid artery ligation + 30 min at 8% oxygen 
• Control: sham surgery + 30 min 21%
• Sacrifice and brain tissue collection performed at (n=8/group):
• 30 minutes after injury
• 24 hours after injury
• 72 hours after injury
• Dissected cortex, cerebellum, striatum/thalamus, hippocampus
• Protein quantified by BCA assay 
• Following sterols measured by LC-MS/MS:
• Interleukin-6 (IL-6) measured by ELISA as marker of severity
Objective
To evaluate temporal and region-specific differences in brain 
cholesterol and cholesterol precursor levels after injury in a 
mouse model of neonatal HIBI
Figure 2. Increase in cholesterol and metabolites in severely 
injured cortex at 24 hours after injury
Figure 1. Current understanding of central nervous system 
cholesterol metabolism
• Cholesterol
• Desmosterol
• 7-dehydrocholesterol
• Lanosterol
